Approved for public release; distribution unlimited. Ion cyclotron turbulence has been observed with shocks and doublc layers in the magnetosphere where strongly localized electric fields perpendicular to the magnetic field are present. Theoretical analysis suggests that electrostatic waves with frequency of the order of the ion cyclotron frequency can be destabilized due to the coupling of regions of' positive and negative energy ion waves. The nonlocal theory for a smooth profile of transverse inhomogeneous electric fields shows that localized ion waves grow in the region where the elec-k tric fields are present. Using a spatially two-dimensional electrostatic code, we investigate this instability in plasma conditions characterized by a localized transverse electric field of width L < <L,. where L, is the simulation length in the x-direction: and distinguish it from the transverse kinetic Kelvin-Helmholtz instability. The simulation results show that the growing ion waves are associated with small vortices at the linear stage. which evolve into a nonlinear stage dominated by larger vortices with lower frequencies.
I. INTRODUCTION
The ion-cyclotron instability has been important to both space and In all these cases a localized electric field perpendicular to the ambient magnetic field is an intrinsic feature of the plasma equilibrium.
In order to understand the role of the d.c. electric field in the excitation of the ion waves around the ion cyclotron frequency, Ganguli et al. 6 developed a nonlocal kinetic theory.
In the early version of the theory the gradients of the electric field were ignored so as to avoid the confusion with the Kelvin-Helmholtz (K-H) instability which is explicitly dependent on the second derivative of the electric field. They suggested a possible mechanism based on the coupling of positive and negative energy waves, in a plasma equilibrium containing a uniform magnetic field along with a transverse localized electric field, that can excite the ion waves.
Dependent on the parameters such as the magnitude of the d.c. electric field, these waves can have real frequencies around the ion cyclotron frequency.
the new ion waves and the kinetic K-H waves have been studied. They obtained a general dispersion relation at the second order differential equation level (see the Eq. (29) in Ganguli et al. 7 ). For the localized transverse electric field profile (-sech 2x) and the initial density as shown in Fig. 1 , the growth rates of the kinetic K-H mode ( Fig. 2 (a) The unstable domains for both modes y are clearly distinctive.
In this paper we investigate the new kinetic ion-cyclotron-like (I-Clike) instability 6 driven by a localized electric field perpendicular to the ambient magnetic field by means of particle simulations. The empnasis in this paper is to demonstrate the existence of the new mode 6 
which produces E X B drift in the y-direction given by VE(x) = -E ox(X)/B o .
For the present problem, in which a nonuniform d.c. electric field transverse to a uniform magnetic field is present, the initial distribution function constructed out of the constants of motion was provided by Ganguli
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where N = n 0(/2rt) I/vt ,v t is the thermal velocity and
where
is; the total eneigy and x y z 'f(x) is the electrostatic potential a:R ociapd with the d.c. electric
field. For the purpose of initial loading in a computer simulation, the distribution (1) can be expressed in terms of the physical position x (for details see Ganguli et al.
It is interesting to note that the distortion in the gyro-orbit introduced by the sheared transverse d.c. electric ficld leads to a sustainable difference in the temperature in the two dimensions transverse to the uniform magnetic field. For weak shears (i.e. VE /Q << 1), (3) reduces to
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We see that for weak shear the use of a shifted Maxwellian for the initial loading is acceptable and the system will adjust to the above distribution automatically with only minor relaxation.
If the VE /9
correction is ignored, then (4) becomes identical to a Maxwellian shifted by the magnitude of the E X B drift in the y component of the velocity.
Such an initial distribution was used by Pritchett and Coroniti 8 and Pritchett 9 but they extended it to higher shear values (VE /Q > 1 so that n 0) where this initial distribution is no longer acceptable. If the initial state is far from equilibrium then there will be additional artificial free energy which may lead to strong relaxation of the initial nonequilibrium state. Such strong relaxation from a nonequilibrium initial condition is invariably accompanied by a substantial release of free energy, which in turn leads to a noisy dynamic state quite different from the quiescent initial state essential for simulation of the instability.
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Therefore, for larger values of V E/Q, the interpretations of the simulation
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results in these papers (especially the conclusion of Pritchett , that the Kelvin-Helmholtz instability will always dominate over the new instability 6 ) remain dubious.
In the following we shall ignore the order c terms but retain the shear corrections and employ (3) for the initial loading of our simulations.
Later on we shall also use the shifted Maxwellian scheme for a weak and a moderately strong shear case and compare the results with the more appropriate loading scheme given in (3).
We Besides, we have identified both the branches of the system in our simulation and for the given set of parameters we find that the dominant mode does not belong to the K-H branch; instead it lies on the new I-C-like branch which has higher frequency and shorter wavelength.
The average ion flow velocities v (x) are shown in Fig. 5 . In the y earlier linear stage (9.t < 80) there is hardly any reduction in the peak of the velocity profile or any relaxation in the topology of the profile.
In the linear stage we find that the real frequency is around the ioncyclotron frequency and its higher harmonics. This is in sharp contrast to the simulations of Prichett , where there was a strong relaxation of the initial profile right from the very onset of the simulation. The reason for this strong relaxation can be traced to the employment of the simplified initial loading scheme of a shifted Maxwellian in Prichett ;
which is not acceptable when the magnitude of VE/Qi is significant. We discuss the critical importance of the initial loading scheme later on. Note that the mode (0,4) will now correspond to the mode (0,2) and so on. The evolutions of the average ion flow velocities v y(x) corresponding to the two different initial conditions discussed earlier are also compared for the larger transverse electric field case. As expected, with our initial conditions the early relaxation and reduction of the average ion flow until Qit = 80, was greatly reduced as (see Fig. 15(b) ). In this case, the free energy is solely dedicated to excite the large amplitude waves as shown in Fig. 14(c) . 
